A 17-year-old male with history of neuromyelitis optica and seizures presented to the pulmonology clinic for evaluation of recurrent pneumonias. He had received rituximab for the past 6 years. Over the past 2 years, he experienced four episodes of pneumonia. In between these episodes, he would improve briefly but continued to have daily cough that was productive with yellow phlegm. He also had recurrent rhinitis and sinusitis despite multiple antibiotic courses. Review of chest X-rays revealed localized right middle lobe and right lower lobe infiltrates. An extensive workup was performed, including computed tomography (CT) of the chest and bronchoscopy to rule out congenital lesions of the right lung and foreign body aspiration. Chest CT showed right lower lobe bronchiectasis. Flexible bronchoscopy with bronchoalveolar lavage showed normal anatomy with thick mucus secretions in the right lower lobe. Immunologic evaluation was performed and revealed low levels of immunoglobulin (Ig)-G, IgM, and IgA, which had declined since initiation of rituximab. Lymphocyte subset testing was remarkable for low cluster of differentiation (CD)-19. He was referred to allergy and immunology and was initiated on immunoglobulin-replacement therapy (IGRT) for acquired hypogammaglobulinemia secondary to rituximab. There was marked clinical improvement after initiation of IGRT.
Introduction
The etiology of recurrent pneumonias in children may be multifactorial and can include, but is not limited to, congenital malformations of the lung, foreign body aspiration, atypical infections, underlying immune disorder, and aspiration. We present a case of recurrent pneumonias in a patient receiving rituximab for neuromyelitis optica.
Case Report
A 17-year-old male with history of neuromyelitis optica (NMO) and seizures presented to the pediatric pulmonology clinic for evaluation of recurrent pneumonias. He had been diagnosed with NMO with positive antibodies at 9 years of age after acute vision loss in the left eye. At that time, he was started on azathioprine and chronic steroids. At 2 years after initial presentation, he was initiated on rituximab after his condition worsened and he developed blurry vision in the contralateral eye. All other immunosuppressive medications were discontinued following initiation of rituximab. He was receiving rituximab 1000 mg every 6 months for 6 years before evaluation by pediatric pulmonology. At his pulmonary evaluation, he presented with a history of four pneumonias over the past 2 years, two of which required admission for intravenous antibiotics and two of which were treated as an outpatient with oral antibiotics. There was no previous history of tonsillitis, ear infections, sinusitis, or recurrent pneumonias.
In between his recent episodes of pneumonia, he would improve briefly but continued to have daily productive cough with yellow phlegm. He also had recurrent rhinitis and sinusitis despite multiple antibiotic courses. Additionally, he had a history of positive respiratory Mycobacterium avium-intracellulare (MAI) polymerase chain reaction (PCR) test at the time of his initial pneumonia that was not treated because it was a single positive test. His physical exam was notable for normal vital signs, erythema and opacity of the right tympanic membrane, nasal congestion, and decreased breath sounds on the right side with crackles. Review of previous chest radiographs revealed localized right middle lobe and right lower lobe infiltrates. An extensive workup was subsequently initiated.
A chest computed tomography (CT) scan revealed localized bronchiectasis and mucoid impaction, as shown in Fig. 1 . Flexible bronchoscopy with bronchoalveolar lavage (BAL) showed normal anatomy with thick mucus secretions in the right lower lobe. BAL fluid cell count was notable for 100% neutrophils. BAL bacterial culture was positive for Streptococcus viridans but negative for acid fast bacilli. BAL cytology was negative for lipid-laden and hemosiderin-laden macrophages.
Quantitative immunoglobulin panel revealed low levels of IgA, IgG, and IgM. Prior labs revealed a gradual decline of immunoglobulins over the past few years (Table 1) . This decline was attributed to secondary hypogammaglobulinemia following rituximab administration. Baseline immunoglobulin levels prior to initiation of rituximab were normal, which indicated against a primary immunodeficiency. Lymphocyte subset testing was remarkable for high cluster of differentiation (CD)-8 count (1622 cells/ll [54%]) and low CD19 level (1 cell/ll [1%]).
Because of the CT findings and clinical symptoms, airway clearance was initiated. He was then referred to allergy and immunology and was started on intravenous immunoglobulin replacement therapy (IGRT) for acquired hypogammaglobulinemia secondary to rituximab. Marked clinical improvement of his upper and lower respiratory disease was noted after initiation of IGRT.
Discussion
NMO, also known as Devic disease, is an autoimmune demyelinating disease of the central nervous system that selectively affects the spinal cord and optic nerve. B-cellmediated humoral immunity has been implicated in the pathogenesis of the disease [1] , leading to resultant primary injury of astrocytes arbitrated by the formation of aquaporin-4 antibodies [2] .
Rituximab is a chimeric monoclonal antibody that targets the CD20 antigen on B cells to decrease the frequency and severity of attacks in patients with NMO. Treatment results in precursor and mature B-cell depletion as a result of complement-dependent cytotoxicity or antibody-dependent cellular cytotoxicity, after which the effects can Fig. 1 Computed tomography (CT) chest with arrows showing mid-zone mucoid impaction and bronchiectasis persist for 6-9 months [3] . The function of rituximab is through two stages. In the first stage, all CD19? B cells, including regulatory and pro-inflammatory, are deleted [1] . T-B cell interaction is interrupted, causing a decline in the production of new autoantibody-producing plasma cell precursors [1] . In the second stage, B-lymphocyte reconstitution occurs [1] . After treatment, there is a predominance of protective regulatory B lymphocytes over pathogenic memory B lymphocytes, which are predominant prior to treatment. The most commonly reported adverse effects of rituximab therapy include infusion-related effects [4] , urogenital infection, and varicella zoster virus reactivation [5] , although some deaths have been reported secondary to extensive myelitis [6] and urosepsis [5] . Another rare but serious complication is rituximabassociated lung injury (RALI). Presenting symptoms have been reported to include fever, chronic cough, hypoxemia, weakness, and dyspnea [7] . CT of the chest typically shows bilateral ground glass opacities [7] . It is a diagnosis of exclusion following a negative infectious workup [7] .
Hypogammaglobulinemia after rituximab has been most commonly reported in the setting of pre-existing immune deficiency, autologous stem cell transplant, and B-cell lymphoma [8] . In these patients, the number of doses of rituximab administered was correlated with developing symptomatic hypogammaglobulinemia [8] . Rituximab has also been reported to induce neutropenia and thrombocytopenia [9] . Less commonly, hypogammaglobulinemia has occurred secondary to rituximab used for autoimmune diseases such as idiopathic thrombocytopenic purpura and rheumatoid arthritis [10, 11] . As such, baseline immunoglobulin levels should be checked, and regular monitoring of immunoglobulin levels has been recommended, with consideration of intravenous immunoglobulin replacement for symptomatic infections [12] . In our patient, immunoglobulin levels began gradually declining approximately 1 year after initiation of rituximab, and he became clinically symptomatic about 3 years after initiation of this therapy. A Naranjo Adverse Drug Reaction Probability score of 9 was obtained for our case, which indicates a definite relationship between rituximab administration and subsequent immunodeficiency [13] .
In children who present with recurrent pneumonias, a multifactorial etiology must be considered and can include, but is not limited to, congenital malformations of the lung, foreign body aspiration, atypical infections, underlying immune disorder, and aspiration. Imaging can help exclude some of these etiologies, such as congenital lung malformations. Bronchoscopy is helpful for general surveillance of airway anatomy and ruling out foreign body aspiration. BAL samples can be sent for cultures as well as cytology. The presence of hemosiderin-laden and lipid-laden macrophages can be markers for alveolar hemorrhage and aspiration, respectively. A thorough immunologic workup is also warranted for these patients, including cell count, immunoglobulin levels, and lymphocyte subsets.
The presence of recurrent pneumonias and chronic cough in any patient should lead to a suspicion of bronchiectasis. In predisposed individuals, chronic inflammation may lead to airway obstruction and damage. This is best explained by a cycle proposed by Cole [14] , where bacterial colonization leads to neutrophil inflammation, which in turn leads to airway destruction and distortion, or bronchiectasis. These airway structural abnormalities lead to mucus stasis, which continues to harbor bacterial colonization and perpetuates the vicious cycle [14] . High-resolution CT is the diagnostic test of choice for bronchiectasis [15] . Initiation of an airway clearance regimen is important in slowing down this cycle.
Conclusion
Although not frequently reported, hypogammaglobulinemia can develop as a consequence of rituximab therapy for autoimmune diseases, such as NMO. Regular monitoring of immunoglobulin levels in patients receiving rituximab is therefore warranted, with consideration of immunoglobulin replacement for symptomatic infections. Moreover, consideration of secondary immunodeficiency is important when evaluating patients for recurrent pneumonias who are also receiving CD19 B-cell depleting immunotherapy.
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